With increased attention paid to the changes of global climate, the impacts on hydrological processes remain poorly understood in specific basins. In this study, we selected Luanhe River Basin, which is an important source of water supply to Beijing and Hebei, as a case study for the analysis of the combined impact of precipitation and temperature change to hydrological components in a semi-arid river basin. This study investigated the change of the blue water flow (BWF), green water flow (GWF), and green water storage (GWS) by employing the SWAT (Soil and Water Assessment Tool) model and stochastic methods in different time scales during 1960 to 2017. The contribution of climate changes to hydrological change were quantified by 16 hypothetical scenarios by recombining climatic data. The results show that the annual daily maximum and minimum temperature (T max , T min ) increased while their differences (DTR) decreased. However, there was no significant trend in annual precipitation and hydrological components. The trend of precipitation has a positive impact to the change of all three hydrological components. Although precipitation contributes more to changes in hydrological components, more attention also needs to be given to the change of DTR, which has positive impact of GWF that contrasts with that of BWF and GWS. Seasonal scale studies of these changes suggested that more attention should be paid to the climate change in spring and winter when the hydrological components were more sensitive to climate change. Our results summarized hydrological components variability under the impact of climate change and demonstrated the importance of analyses at different time scales, which was expected to provide a reference for water resources management in other semi-arid river basins. and improvement of hydrologic modeling, the spatial and temporal variation of surface and sub-surface hydrological components can be explicitly assessed by portioning water into Blue Water Flow (BWF; total water yield and deep aquifer recharge), green water flow (GWF; actual evapotranspiration) and green water storage (GWS; soil water content) [6, 7] . Long-term spatio-temporal changes in BW-GW can indicate the change in overall hydrological change at watershed scale.
Introduction
Climate change has been recognized as one of the major threats to the earth environment in the 21st century [1, 2] . Changes in temperature and precipitation patterns are expected to alter regional climates and hydrological systems [3] , affecting freshwater availability at the regional scale [4] . The conflict of freshwater consumption between the human society and ecosystem may threat socio-economic sustainability and ecosystem health (e.g., leading to ecosystem degradation). Thus, improved understanding of water availability for both humans and ecosystems in the context of climate change is critical for better water resources management.
As far as the hydrological cycle is concerned, the composition of water resources includes blue water (BW) and green water (GW). Blue water is critical for domestic and industrial water consumption, while green water is crucial for supporting plant growth in rain-feed regions [5] . With the development Furthermore, after its operation at the end of the flood season in 1979, Panjiakou Reservoir has become the main project of water supply from Luanhe to Tianjin and Tangshan. Therefore, the water resource of this basin plays a very important role in ensuring water resources development in Beijing-Tianjin-Hebei (Jing-Jin-Ji) region. The study of changes and distribution of water resources is expected to provide theoretical support for ensuring regional water supply security in this area.
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Data Collection
The digital elevation model (DEM) with 30 m resolution was acquired from Geospatial Data Cloud (http://www.gscloud.cn). Land use images of 2015 were used from Resource and Environment Data Cloud Platform (http://www.resdc.cn/), including Forest, Agriculture, Grassland, Urban and Unused Land. In this paper, the LULC of 2015 was used as the basis for SWAT modelling. We only focused on the impact of climate change on hydrological processes in this region. Soil layers and property data (1:1,000,000) came from China Soil Database (http://vdb3.soil.csdb.cn/) and are divided into four types in this study: Cinnamon soil, Yellow loessal soil, Chestnut soil, Brown soil according to Chinese Soil Taxonomy. Daily meteorological data at six weather stations near the study area ( Figure 1 ) were obtained from National Meteorological Information Center (http://data.cma.cn/), which included temperature, precipitation (minimum, maximum and average), wind speed, solar radiation, and relative humidity from 1957 to 2017. Monthly runoff data from 2008 to 2013 of four hydrological stations at Boluonuo, Chengde, Hanjiaying and Xiabancheng located in the main stream of Luanhe River were also collected 3. Methods
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Mann-Kendall Trend Test
The Mann-Kendall (MK) test [14, 15] is a rank based non-parametric method which has been commonly used to detect the long-term trend of meteorological elements and hydrological components. It is recommended by the World Meteorological Organization for non-parametric analysis [16] of the significance of monotonic trends of hydrological or climatological variables. It has been widely used in hydro-climatic studies including precipitation [17] , runoff [18] , and temperature [19, 20] . The advantage of the MK test is that the trend analysis is not influenced by a small number of outliers for sequence analysis and the calculation is simple. For this study, a significance level of 0.05 was utilized. 
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Methods
Trend Analysis
Mann-Kendall Trend Test
The Mann-Kendall (MK) test [14, 15] is a rank based non-parametric method which has been commonly used to detect the long-term trend of meteorological elements and hydrological components. It is recommended by the World Meteorological Organization for non-parametric analysis [16] of the significance of monotonic trends of hydrological or climatological variables. It has been widely used in hydro-climatic studies including precipitation [17] , runoff [18] , and temperature [19, 20] . The advantage of the MK test is that the trend analysis is not influenced by a small number of outliers for sequence analysis and the calculation is simple. For this study, a significance level of 0.05 was utilized.
The magnitudes of estimated changes in the trend of meteorological variables in this study were estimated by an application of the Sen slope method [21, 22] . This technique calculates the gradient as a change in the measurements correlated with units of temporal change. The advantages of this method include the allowances for missing data, avoidance of assumptions on distributions of tested data, and the averting of the effects of gross data errors and outliers. The Theil-Sen's estimator (β) is used to identify the slope of the trend line in hydrological time series. β > 0 shows an increasing trend while β < 0 indicates a decreasing trend.
Hurst's Index
Hurst's [23] index is capable of predicting future trends for time series in relation to past trends, and it has been used to predict hydrological and climatological processes [24] . H always ranges between 0 and 1. When 0.5 < H < 1, it shows that the time series is a persistent sequence, and the trend of future will consistent with the past trend. When 0 < H < 0.5, it shows that the time series has a reverse hold, which means the trend of change in the future is contrary to that in the past.
Model Set-Up, Calibration and Validation
SWAT Model
The Soil and Water Assessment Tool (SWAT) is a distributed hydrological model which has been widely used to simulate the quality and quantity of surface and ground water, and applied in prediction of the environmental impact of land use, land management practices, and climate change [25] . The model divided watershed into several sub-basins, and divided each sub-basin into several Hydrological Response Units (HRUs) according to the geographical condition, including digital elevation model (DEM), land use/land cover map and soil map data etc. The HRUs were the minimum units that were used to calculate the transportation of solute and water, while hydrologic cycle equation simulated by SWAT is based on the following governing water balance equation as follows (Equation (1)) [26] .The daily climate data including rainfall, temperature, relative humidity, solar radiation and wind speed was applied as input to setup the model.
where, SW t is the final soil water content (mm); SW 0 is the previous soil water (mm); t is the step of time (d); R day , Q surf , and E a are the amount of precipitation, surface runoff, and evaporation on day i (mm), respectively; W seep is the amount of water entering the vadose zone from the soil profile on day i (mm) and Q gw is the amount of the return flows on day i (mm).
Model Calibration and Validation
Monthly streamflow data in range of 2008 to 2013 with four hydrological stations mentioned above was used for the calibration and validation. SWAT-CUP 2012 and SUFI-2 arithmetic were applied to the calibration and validation to obtain optimal parameters. The decision coefficient (R 2 ), Nash-Sutcliffe efficiency coefficient (NS) and relative error (RE) were used as objective functions to assess the performance of the model simulation [27, 28] as following Equations (2)-(4), respectively:
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where Q obs i is the observed streamflow, Q sim i is the simulated streamflow, Q mean and Q smean are the average observed and simulated streamflow values, respectively, and n is the simulation number. The higher the NS and R 2 and the smaller RE, the better the model performs. When R 2 > 0.6, NS > 0.5, the simulated runoff by the SWAT model was considered to be valid [29] .
Contribution Analysis
Contribution Rate
In Luanhe River Basin, changes in hydrological processes are mostly caused by climate variability [30, 31] , and temperature and precipitation are considered to be the most important factors in the study of climate change. In this study, hydrological processes were treated as a function of the two variables. The contribution of the two components can be calculated with the method shown in Figure 2 . The separated impact of temperature changes on hydrological processes under precipitation, P 1 , and P 2 are applied to calculate ∆Q T1 and ∆Q T2 , respectively. In general, the smaller the change caused by precipitation change (∆P), the closer the ∆Q T1 to ∆Q T2 is. Thus, we utilized an average of the ∆Q T1 and ∆Q T2 values to denote the separate impacts of temperature on hydrological elements (∆Q T ) (Equation (5)):
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Therefore, the contribution of the temperature (β T ) and precipitation (β P ) for the change of hydrological process in an altered period (∆Q) can be calculated as Equations (7)- (9):
Scenarios Setting
A variety of scenarios were set to quantitatively analyze the impact of climate change on the hydrological components' variability. Meteorological data (temperature and precipitation) was divided into six decades (1960s (1960-1969), 1970s (1970-1979), 1980s (1980-1989) , 1990s (1990-1999), 2000s (2000-2009 ) and 2010s (2010-2017)) respectively. The calibrated SWAT model was applied to conduct the scenario analysis by changing one factor at a time and keeping the rest constant, as shown in Table 1 . The contribution of temperature and precipitation to the decadal hydrological variations can be calculated by conducting 16 sets of scenarios. M1  1960s  1960s  M9  1990s  1980s  M2  1960s  1970s  M10  1990s  1990s  M3  1970s  1960s  M11  1990s  2000s  M4  1970s  1970s  M12  2000s  1990s  M5  1970s  1980s  M13  2000s  2000s  M6  1980s  1970s  M14  2000s  2010s  M7  1980s  1980s  M15  2010s  2000s  M8  1980s  1990s  M16  2010s  2010s 4. Results
SWAT Model Simulation
In this study, the simulation period covered 61 years (1957-2017) while the first 3 years (1957-1959) were used as warm up period, in order to avoid the influence of initial conditions on the simulation results, and the time step was set as one day. The study area was delineated into 51 sub-basins and further divided into 324 HRUs using the watershed delineation module in SWAT. In the application of SWAT model, the observed monthly runoff data Boluonuo, Chengde, Hanjiaying and Xiabancheng hydrological stations from 2008 to 2011 were used to calibrate parameters while data from 2012 to 2013 was adopted for validation. The seven most sensitive parameters were selected for model calibration and are shown in Table 2 . Observed and simulated monthly streamflow hydrographs from 2008 to 2013 in the four stations are shown in Figure 3 . The R 2 , NS and RE between simulation and observation data ( Figure 3 ), which ranged from 0.68 to 0.86, 0.54 to 0.80 and 0.6% to 24.7%, indicated that the model could simulate the hydrological process in Luanhe River Basin satisfactorily.
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Annual Variation of Hydrological Components under the Impact of Climate Change
The annual variation trend of hydrological components demonstrated a complex relationship with the meteorological factors. Data of six meteorological stations was used to assess the climate changes. The average maximum temperature (Tmax) is 14.37 °C and average minimum temperature (Tmin) is 1.86 °C in the Luanhe River Basin. Both the times varying curve ( Figure 4 ) and the results of MK test (Table 3 ) showed a significant feature of warming with the increase of Tmax and Tmin. Notably, the reduction of the surface diurnal temperature range (DTR) was also observed in this area. During the 58 years, Tmin increased 1.78 °C with an average annual growth rate of 1.57%, while Tmax increased only 1.35 °C with the rate of 0.16%. Tmin increased at a faster rate than Tmax, leading to the drop of DTR since 1960. The average precipitation was 500.93 mm/year and no significant trend was observed at the annual scale. Simulated results (including runoff, evaporation, and soil water content) were adopted in this study to calculate the BWF, GWF, and GWS. As shown in Figure 4 , the annual average BWF and GWF was 256.30 and 222.94 mm/year, respectively. However, the fluctuation range of BWF was much obvious than that of GWF. The annual average GWS is more stable than that of BWF and GWF, and the annual average GWS was only 97.92 mm/year. Results of MK test in Table 3 show that the BWF decreased, while the GWF and GWS increased during the past 58 years. However, the change of all three variables was not significant. The Hurst indexes of the BWF, GWF, and GWS were 0.57, 0.71, and 0.73, which indicated this trend was likely to continue in the future.
Compared with meteorological factors and hydrological components, annual variation of hydrological components, especially the BWF, correlated closely with the fluctuations of precipitation ( Figure 4 ). Precipitation had a more direct impact on hydrological cycle. However, in 
The annual variation trend of hydrological components demonstrated a complex relationship with the meteorological factors. Data of six meteorological stations was used to assess the climate changes. The average maximum temperature (T max ) is 14.37 • C and average minimum temperature (T min ) is 1.86 • C in the Luanhe River Basin. Both the times varying curve ( Figure 4 ) and the results of MK test (Table 3 ) showed a significant feature of warming with the increase of T max and T min . Notably, the reduction of the surface diurnal temperature range (DTR) was also observed in this area. During the 58 years, T min increased 1.78 • C with an average annual growth rate of 1.57%, while T max increased only 1.35 • C with the rate of 0.16%. T min increased at a faster rate than T max , leading to the drop of DTR since 1960. The average precipitation was 500.93 mm/year and no significant trend was observed at the annual scale. Simulated results (including runoff, evaporation, and soil water content) were adopted in this study to calculate the BWF, GWF, and GWS. As shown in Figure 4 , the annual average BWF and GWF was 256.30 and 222.94 mm/year, respectively. However, the fluctuation range of BWF was much obvious than that of GWF. The annual average GWS is more stable than that of BWF and GWF, and the annual average GWS was only 97.92 mm/year. Results of MK test in Table 3 show that the BWF decreased, while the GWF and GWS increased during the past 58 years. However, the change of all three variables was not significant. The Hurst indexes of the BWF, GWF, and GWS were 0.57, 0.71, and 0.73, which indicated this trend was likely to continue in the future. some years there are differences in runoff and evapotranspiration that may be caused by the influence of temperature and other potential factors (e.g., land use). 
Seasonal Variation of Climate and Hydrological Components
Luanhe River Basin is a typical temperate monsoon climate area with four distinct seasons, where the weather is hot and rainy in summer, cold and dry in winter. The precipitation mostly concentrated in summer (371.45 mm/year) accounting for more than 75% of the total annual rainfall, which will affect the trend of annual precipitation change. The precipitation during winter was lower than other seasons with a range of about 0.90-25.72 mm. The result of MK test for seasonal variation of precipitation showed it had an insignificant increase in spring, autumn and winter, and only decreased in summer. The temperature of each season also shows remarkable variation characteristics. The annual average Tmax and Tmin during the freeze winter could reach −1.40 and −13.91 °C, while raised up to 27.79 and 16.61 °C in summer. Additionally, their difference (DTR) had much smaller ranges, which were highest in spring (14.20 °C) and lowest in summer (11.72 °C). The MK test in Table 4 showed that the air temperature (Tmax, Tmin) increased significantly (p < 0.05) in every season. The Tmax increased faster in spring while the Tmin increased faster in winter. The trend of DTR showed that the Tmin increased significantly faster than the Tmax in autumn and winter. Compared with meteorological factors and hydrological components, annual variation of hydrological components, especially the BWF, correlated closely with the fluctuations of precipitation ( Figure 4 ). Precipitation had a more direct impact on hydrological cycle. However, in some years there are differences in runoff and evapotranspiration that may be caused by the influence of temperature and other potential factors (e.g., land use).
Luanhe River Basin is a typical temperate monsoon climate area with four distinct seasons, where the weather is hot and rainy in summer, cold and dry in winter. The precipitation mostly concentrated in summer (371.45 mm/year) accounting for more than 75% of the total annual rainfall, which will affect the trend of annual precipitation change. The precipitation during winter was lower than other seasons with a range of about 0.90-25.72 mm. The result of MK test for seasonal variation of precipitation showed it had an insignificant increase in spring, autumn and winter, and only decreased in summer. The temperature of each season also shows remarkable variation characteristics. The annual average T max and T min during the freeze winter could reach −1.40 and −13.91 • C, while raised up to 27.79 and 16.61 • C in summer. Additionally, their difference (DTR) had much smaller ranges, which were highest in spring (14.20 • C) and lowest in summer (11.72 • C). The MK test in Table 4 showed that the air temperature (T max , T min ) increased significantly (p < 0.05) in every season. The T max increased faster in spring while the T min increased faster in winter. The trend of DTR showed that the T min increased significantly faster than the T max in autumn and winter. (**) means significant at p = 0.05, (*) means significant at p = 0.1.
At seasonal scale, the variation of GWS was not obvious, but the BWF and GWF was extremely uneven throughout the region. Previous studies on the hydrological process were concentrated on the inter-annual scale but the seasonal hydrological cycle under the impact of climate characteristics is still relatively limited, which is essential for the domestic water supply and vegetation health. In spring, there was more GWF than BWF, which could provide a relatively humid environment for germination of plants. The increasing of temperature and rainfall in summer would accelerate the hydrological cycle. A total of 61.4% of the annual BWF and 51.3% of the annual GWF concentrated in summer and the quantity of BWF exceeds GWF in this season. Moreover, the BWF fluctuated from 256.6 to 62.0 mm/year which would cause some extreme events, when summer monsoon intensity is weak (strong), drought (flood) will happen. In winter, temperature decreased below zero with only a small amount of snow which counted for only 2.2% and 1.5% of the annual BWF and GWF. The variation trends of climate elements and hydrological components ( Table 4) were not significant with an exceptional of GWS in spring, indicating that the impacts of climate change on blue and green water are very complex and difficult to describe with a simple trend analysis during these years.
Contribution of Climate Change to Hydrological Change
Annual Scale
The hypothetical scenarios M1-M16 were used to separate the effects of temperature or precipitation changes in different decades on hydrological components. From 1970s to 1980s precipitation declined 90. 35 mm/year and the difference between scenario M4 and M5 can reflect the impact of this precipitation change on the hydrological cycle. Based on the comparison of the simulation results of scenario M4 and M5, BWF decreased 60.16 mm/year. It reduced 84.99 mm/year from scenario M6 to M7. The average of differences between M5 and M4 and those of M7 and M6 reflected the influence of precipitation from 1970s to 1980s. By this method, the average variation (∆Q T , ∆Q P ) of each hydrological component under the influence of climate variability (∆T, ∆P) in different decades can be obtained. The results of the respective influence by temperature and precipitation are shown in Figure 5 . It can be clearly seen from Figure 5a that when only the influence of temperature is taken into account, the variation of BWF and GWS is opposite to that of GWF. The change trend of DTR is positively correlated with BWF and GWS, while DTR is negatively correlated with GWF. At the same time, the higher the temperature is, the greater the variation range of hydrological components is. Compared with temperature, the change of precipitation has a greater impact on BWF and GWS, and a smaller impact on GWF, as shown in Figure 5b . The positive and negative Q p of the three are the same, indicating the same change pattern, and both are positively correlated with the change of precipitation. As mentioned above, the rising of DTR was mostly caused by the larger warming in T min than in T max . The faster increase of T min can increase the evaporation and then decrease the runoff in the water cycle processes. Meanwhile, regional precipitation decreases may directly aggravate the reduction of runoff and further reduce the amount of water in each link of water transmission and transportation in the hydrological process. At seasonal scale, the variation of GWS was not obvious, but the BWF and GWF was extremely uneven throughout the region. Previous studies on the hydrological process were concentrated on the inter-annual scale but the seasonal hydrological cycle under the impact of climate characteristics is still relatively limited, which is essential for the domestic water supply and vegetation health. In spring, there was more GWF than BWF, which could provide a relatively humid environment for germination of plants. The increasing of temperature and rainfall in summer would accelerate the hydrological cycle. A total of 61.4% of the annual BWF and 51.3% of the annual GWF concentrated in summer and the quantity of BWF exceeds GWF in this season. Moreover, the BWF fluctuated from 256.6 to 62.0 mm/year which would cause some extreme events, when summer monsoon intensity is weak (strong), drought (flood) will happen. In winter, temperature decreased below zero with only a small amount of snow which counted for only 2.2% and 1.5% of the annual BWF and GWF. The variation trends of climate elements and hydrological components ( Table 4) were not significant with an exceptional of GWS in spring, indicating that the impacts of climate change on blue and green water are very complex and difficult to describe with a simple trend analysis during these years.
Contribution of Climate Change to Hydrological Change
Annual Scale
The hypothetical scenarios M1-M16 were used to separate the effects of temperature or precipitation changes in different decades on hydrological components. From 1970s to 1980s precipitation declined 90. 35 mm/year and the difference between scenario M4 and M5 can reflect the impact of this precipitation change on the hydrological cycle. Based on the comparison of the simulation results of scenario M4 and M5, BWF decreased 60.16 mm/year. It reduced 84.99 mm/year from scenario M6 to M7. The average of differences between M5 and M4 and those of M7 and M6 reflected the influence of precipitation from 1970s to 1980s. By this method, the average variation (ΔQT, ΔQP) of each hydrological component under the influence of climate variability (ΔT, ΔP) in different decades can be obtained. The results of the respective influence by temperature and precipitation are shown in Figure 5 . It can be clearly seen from Figure 5a that when only the influence of temperature is taken into account, the variation of BWF and GWS is opposite to that of GWF. The change trend of DTR is positively correlated with BWF and GWS, while DTR is negatively correlated with GWF. At the same time, the higher the temperature is, the greater the variation range of hydrological components is. Compared with temperature, the change of precipitation has a greater impact on BWF and GWS, and a smaller impact on GWF, as shown in Figure 5b . The positive and negative Qp of the three are the same, indicating the same change pattern, and both are positively correlated with the change of precipitation. As mentioned above, the rising of DTR was mostly caused by the larger warming in Tmin than in Tmax. The faster increase of Tmin can increase the evaporation and then decrease the runoff in the water cycle processes. Meanwhile, regional precipitation decreases may directly aggravate the reduction of runoff and further reduce the amount of water in each link of water transmission and transportation in the hydrological process. The combined effort of precipitation and temperature on hydrological components was determined by their contribution rate to the variation of hydrological components. For example, in the 1980s, the precipitation and DTR decreased simultaneously. The decrease of precipitation will lend to the BWF decrease of 72.58 mm, and the decrease of DTR will add 8.23 mm BWF. Therefore, the BWF decreased 64.3 mm under climate change. The absolute change of BWF was 80.81 mm, which was contributed by the temperature (8.23 mm) and precipitation (72.58 mm) change. Corresponding contribution rates for the BWF change were 10.19% and 89.81% respectively. Different interannual contribution rates shown in Table 5 suggested that the variation of BWF and GWS were mainly affected by precipitation, while that of GWF was largely dependent on the change of temperature. With the change of temperature and precipitation in different periods, the contribution rate of the two components to the blue and green water varies significantly. The effect of temperature changes on BWF ranged from 2.27% to 24.75%, on GWF ranged from 5.24% to 98.95%, and on GWS ranged from 6.67% to 58.38%. This phenomenon had a good agreement with temperature variation, which indicated that with the increase of temperature, its influence on hydrological process was amplified. 
Seasonal Scale
The effect of climate change on hydrological components was more complicated. The attribution of change in DTR (∆T) and in precipitation (∆P) are shown in Figures 6 and 7 . When DTR was changed with the constant precipitation, ∆Q T of different decades was calculated to analyze the influence of temperature change on hydrological components. In different seasons, the trend of ∆Q T for BWF and GWS were the same, which was opposite to GWF and DTR. It indicated that BWF was negatively correlated with GWS and DTR, and GWF was positively correlated with DTR. When it came to ∆Q P , it was interesting that only BWF was always positively correlated with precipitation in different seasons. GWF was correlated with precipitation in spring and summer, and positively correlated in autumn and winter. GWS was negatively correlated with precipitation in spring and positively correlated with precipitation in other seasons. Figure 8 shows the contribution rates of variation in temperature and precipitation to BWF, GWF, and GWS changes in different seasons. Influenced by significant seasonal climate variations, the hydrological cycle showed seasonal patterns accordingly. In spring, the average contribution of temperature to the variation of BWF, GWF, and GWS was 50.39%, 77.01%, and 51.93%, respectively, which was obviously higher than that of any other seasons. This might due to the reason that in the semi-arid region, snow melting was the main source of runoff in spring. As mentioned above, as the temperature in spring began to rise since 1960, the contribution of temperature to the change of hydrological components became more and more important. Thus, more attention should be paid to the risk of flooding in spring considering the increase of temperature when formulating water resource planning and management policies. Besides, increase of spring temperature would further bring forward the date of plant sprout, where more soil water would be needed and results in consumption of green water. In summer, the contribution of precipitation to hydrological components increased significantly, caused by the concentrated rainfall in summer. However, with the increase of temperature, it's contribution rate to GWF raised up quickly from 1970s (14.82%) to 2010s (64.59%) while temperature played a major role in the change of GWF. The variation characteristics of blue water and green water in summer implied that blue water was more sensitive to the change of precipitation while green water was more sensitive to temperature. These characteristics continued into autumn, but weakened slightly with the decrease of temperature and precipitation. The contribution rate of precipitation to BWF decreases to 85.45% and that of temperature to GWF decreases to 30.35%. In winter, when the water was distributed to the land as snow, which is more affected by temperature changes, the contribution of precipitation to BWF and GWF was further decreased to 29.85% and 64.15%. Moreover, as shown in Figure 8b ,c, it was remarkable that the contribution rate of the two components (GWS and GWF) had a complementary relationship with each other in spring, summer, and autumn from 1970s to 2010s. This might be due to the reason that plant roots absorb soil water (GWS) from the soil and evaporated into the air (GWF) through leaves. By contrast, they had the same change tendency in winter which might due to the synchronization evaporation of snow and soil in this season.
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At the annual scale, the results of this study showed no significant trend in precipitation and hydrological components (BWF, GWF, and GWS) which was consistent with that of Zhang's study [10] . However, the novelty of this study resides in that we not only consider the influence of average temperature on hydrological process, but also take into account the influence of maximum and minimum temperature and their differences (DTR), which has been suggested to have a more significant effect on evapotranspiration [31, 32] . It is not sufficient to conclude that the influence of climate change on hydrological components were relatively small in the past 60 years, because the effects of climate elements on hydrological components may offset each other and had not emerged yet. Therefore, as suggested by Luo [18] , in the case of lacking a significant linear trend, decadal analysis was necessary and effective in the study of variation of hydrological components under the impacts of climate change. The increase of precipitation would lead to the increase of all three hydrological components, while the increase of DTR would reduce the increasing of GWF and decreasing of BWF and GWS.
At a seasonal scale, although there was no significant trend in the variation of precipitation and hydrological components in different seasons, there were distinct differences in their inter-generational variations. Moreover, with significant increasing of the temperature in all four seasons, we noticed that temperature, especially the lowest temperature (T min ) in winter, increased faster than that of other seasons, which resulted in a significant decrease in winter DTR. These trends were similar to results reported by Kowalczyk [33] , which also showed that the warming during the winter period was more evident than that in summer at the same study area. This study confirmed that unlike interannual variations, GWF and GWS might have the opposite trend with precipitation in spring, and the same trend in autumn and winter. This implied that the available water (rainfall) did not fully satisfy the atmospheric water demand in spring. Although influence trend of temperature was in accordance with the annual variation, the contribution rate of temperature changes to hydrological components varied significantly. Research had shown that the influence of climate change was especially concentrated in spring and winter, in which the influence was very complex [34] , such as the increasing of spring temperature would lead to the earlier beginning dates of growing season, and warming in winter would cause earlier snowmelt or precipitation falling as rain rather than snow, as mentioned in Vano's research [35] . Under the effected of these factors, uncertainty existed in the results, but it confirmed that both precipitation and temperature did have an important impact on hydrological processes in this region, especially in spring and winter [36] .
Climate change could be divided into four types: (I) DTR increase, humidity increase (2010s) (II) DTR decrease, humidity decrease (1980s); (III) DTR increase, humidity decrease (2000s); (IV) DTR decrease, humidity increase (1970s, 1990s) . Manifestations about hydrological components of the different types of climate change were related to the response relationship. In one case, the effects of precipitation and temperature changes on hydrological components might be consistent with each other which was same as Lemann's opinions [37] . Such as when the climate change type (I) occurred, the GWF would increase, whereas in type (II), the decrease of precipitation and DTR commonly promoted the decrease of GWF. When climate change type (III) occurred, BWF and GWS would decrease, while they would increase in type (IV). In another case, the effects of precipitation and temperature changes countered each other such as the changes of BWF and GWS in type (I) and (II) and that of GWF in type (III) and (IV), in which the change trend of hydrological components depended on the climate elements that have the larger contribution rate. Mostly precipitation dominated the change of BWF and GWS, while change of temperature had more contribution to the change of GWF, and with the increase of the temperature, its influence increased further. If the current climate trend continued in the future, as predicted by Hurst index, precipitation and DTR would decrease and temperature would rise, similar to 1980s, the circulating water in nature, especially GWF, would continue to decrease, and pose a great threat to plant growth [38] .
The study contributed to our understanding of the impacts of climatic factors on green and blue water variability in the Luanhe River Basin. As many studies [10, 13] have confirmed, the SWAT model could better interpret the changes of hydrological components in Luanhe River Basin, and the simulation accuracy were in good agreement with previous studies [13, 39, 40] . However, there are certain
